To evaluate its utility in discriminating different strains, restriction endonuclease analysis was applied to 12 strains of Actinobacillus actinomycetemcomitans (3 serotype a, 5 serotype b, and 4 serotype c strains). DNA isolated from each strain was digested by 12 different restriction endonucleases, and the electrophoretic banding patterns of the resulting DNA fragments were compared. The DNA fragment patterns produced by Sall, XhoI, and XbaI for the 12 A. actinomycetemcomitans strains were simple (<30 bands) and allowed us to recognize easily 10 distinct genomic clonal types. The three serotype a strains exhibited distinctly different clonal types from one another, the five serotype b strains exhibited an additional four distinct clonal types, and the four serotype c strains showed another three different clonal types. The other endonucleases tested were less useful in typing A. actinomycetemcomitans. We conclude that restriction endonuclease analysis is a powerful tool for typing and discerning genetic heterogeneity and homogeneity among A. actinomycetemcomitans strains. It should, therefore, be very useful for epidemiologic studies.
Actinobacillus actinomycetemcomitans is considered to be a primary pathogen of juvenile periodontitis in humans and can cause other serious infections throughout the body, including septicemia, meningitis, endocarditis, and abscesses in the brain and abdomen (20) .
It is important in epidemiologic studies to be able to discriminate between different strains of A. actinomycetemcomitans because differences in pathogenicity among A. actinomycetemcomitans strains have been reported (1, 22) , juvenile periodontitis appears to have a familial tendency (14, 19) , and periodontally healthy individuals are also often colonized with A. actinomycetemcomitans (16, 21) . Traditional techniques such as serotyping (23) , polyacrylamide gel electrophoresis of cellular proteins (4, 9) , cellular fatty acid analysis (2) , and lipopolysaccharide subtyping (8) have limited epidemiological value since they compare only a few phenotypic characteristics and differentiate A. actinomycetemcomitans strains into relatively few groups (e.g., there are only three serotypes).
Restriction endonuclease analysis (REA) has proven useful in identifying and typing a variety of microorganisms (6, 11, 13, 15) . Restriction endonucleases recognize and cleave double-stranded DNA at specific base pair sequences. The DNA fragments generated are separated by electrophoresis, stained with ethidium bromide, and visualized with UV light.
The genetic heterogeneity and homogeneity of strains can then be evaluated by comparing the number and size (electrophoretic patterns) of the DNA fragments obtained. These DNA fragment patterns constitute a specific fingerprint to characterize each strain.
In a preliminary study (7) Gel electrophoresis and photography. Digests of DNA were electrophoresed in horizontal slabs of 0.5% agarose immersed in TBE buffer (89 mM Tris, 89 mM boric acid, 2.5 mM EDTA, pH 8.3). The gels were run for 10 h at 3 V/cm. After electrophoresis, the gels were stained for 30 min with 0.5 gug of ethidium bromide per ml. Stained gels were illuminated with UV light and photographed with a Polaroid camera.
RESULTS
The amount of DNA obtained from each strain was in the range of 200 to 400 pug. The A260/280s of the DNA extracts ranged from 1.84 to 1.94. The DNA extracted was intact (>25 kb), and no plasmids were present in any of the strains tested (data not shown).
Our standard digestion conditions (10 U for 2 h) completely digested the DNA extracts into discrete fragments. Increasing digestion time up to 16 h or doubling the amount of restriction enzymes did not change the patterns.
Of the 12 different endonucleases we evaluated for genomic clonal typing of 12 A. actinomycetemcomitans strains, Sall, XhoI, and XbaI proved to be the most useful. The results of agarose gel electrophoresis of DNA fragments produced by Sall digestion of DNAs from the 12 A. actinomycetemcomitans strains are shown in Fig. 1 XbaI proved to be the most discriminating endonuclease we studied in that we were able to recognize 10 clonal types among the 12 strains (photographs of the gels not shown; results shown in Fig. 2) . The three serotype a strains exhibited three different patterns (XbaI types I through III). (Fig. 2) . In addition, the SalI, XhoI, and XbaI types of each strain are shown in Table 2 .
The results of REA with ClaI, EcoRI, HindIII, KpnI, PstI, Sacl, and Sau3AI are too complex for easy visual analysis because there were too many densely distributed fragments (photographs of the gels not shown). Either the DNAs from the A. actinomycetemcomitans strains were not digested by SfiI and NotI or the DNA fragments produced were too large to be separated by our experimental conditions. I  I  I  1  SUNYaB 75  II  II  II  2  GA 3  I  II  III  3   b  FDC Y4  III  III  IV  4  ATCC 29522  III  III  IV  4  ATCC 29524  IV  IV  V Our results and conclusions are in contrast to those of a recent report by Zambon et al. (24) . These investigators evaluated the use of 16 different endonucleases (including XhoI and XbaI) for REA of 70 A. actinomycetemcomitans strains (124 isolates). They concluded that EcoRI and HindIII were the most appropriate enzymes for REA of A. actinomycetemcomitans strains. However, they were only able to recognize three different restriction fragment patterns among the 70 strains that they examined. All serotype a strains produced a common restriction fragment pattern, 58% of the serotype b strains produced another restriction pattern, and the remaining serotype b strains and all the serotype c strains shared a third restriction pattern. Direct comparison of our results with those of Zambon et al. is difficult since their figures do not include DNA molecular size standards nor indicate which endonuclease was used. The choice of appropriate endonucleases is critical for REA. If we had based our clonal typing on EcoRI and Hindlll, we might have reached conclusions similar to those reported by Zambon et al.
The results of our study indicate that REA is the most discriminating technique available for typing A. actinomycetemcomitans. REA is a simple, rapid, sensitive, and highly reproducible technique which utilizes readily available commercial restriction endonucleases. In contrast, serotyping separates A. actinomycetemcomitans strains into only three types and requires the production of serotype-specific antisera by individual laboratories; in addition, in some instances nearly 50% of isolates cannot be assigned to a serotype (12) . In conclusion, we believe that epidemiologic studies utilizing REA to investigate the horizontal and vertical transmission of A. actinomycetemcomitans are warranted.
